Acute otitis media (AOM) is a common childhood illness. The aim of this study was to assess whether AOM in the first month of life predicts recurrent AOM (rAOM) in early childhood. The medical records of all neonates with AOM and isolation of bacterial pathogen from middle-ear fluid during 2005-2010 were reviewed. Neonates without AOM admitted during the same period for neonatal fever workup were included as controls. Information regarding rAOM and possible risk factors were collected through a phone interview with the parents. A total of 84 neonates with AOM were enrolled; 25 (30%) had rAOM compared with 8/79 (10%) in the control group. Neonatal AOM increases 4-fold the odds of rAOM later in childhood (odds ratio = 4; 95% CI = 1.44-11.42; P = .008), independent of smoke exposure, numbers of siblings, AOM in siblings, breastfeeding, day care attendance, or use of pacifier. Neonatal AOM is a significant risk factor for rAOM during infancy.
Introduction
Acute otitis media (AOM) is the most common bacterial infection in early childhood 1 and a leading cause of antibiotic prescription in children. [1] [2] [3] Approximately 70% of children will have at least 1 episode of AOM by 1 year of age, and up to 90% by 2 years of age. [4] [5] [6] The major known risk factors for AOM are young age, bottle-feeding (as opposed to breastfeeding), passive exposure to tobacco smoke, the presence of siblings, and sharing a room with a sibling. 6 Neonatal AOM differs from the same infection in older children in several respects. First, neonatal AOM is technically more difficult to diagnose because of the position of the tympanic membrane and the narrow collapsible external auditory canal. [7] [8] [9] Second, neonatal AOM may present as an isolated local infection or as part of invasive bacterial infections, such as meningitis, pneumonia, and bacteremia, or in association with urinary tract infection. 10, 11 The incidence of neonatal otitis media is reported to be between 2% and 9%. 12, 13 Early-onset AOM might result from different factors, including shorter and lessfunctional eustachian tube, 14 immunological immaturity, and early nasopharyngeal colonization with bacterial pathogens. Several predisposing factors have been suggested to be associated with early-onset AOM, such as male sex, 15 environmental factors such as number of siblings, 16 day care attendance and tobacco exposure, 16, 17 excessive use of pacifier, 18, 19 and lack of breastfeeding. 6 Recurrent AOM (rAOM), defined as having ≥3 episodes of AOM, 1,4 might be associated with significant morbidity. The factors that have been implicated in the recurrence of AOM are those associated with early-onset AOM, with the addition of upper-respiratory-tract infection 16 and the presence of adenoid hypertrophy. 20 Only a few studies have found young age at the first AOM episode as a risk factor for rAOM. 4, 5, 21 There are limited and inconsistent data regarding the recurrence rate and long-term consequences of AOM occurring in the first month of life. 22, 23 The aims of this study were to identify predictors of neonatal AOM and assess the long-term consequences of neonatal AOM, including recurrent otitis media and the need for tympanostomy tube placement. 
Methods

Study Design
We retrospectively reviewed the medical records of consecutive patients with neonatal AOM presenting to a single medical center from 2005 to 2010. Inclusion criteria were age ≤30 days and isolation of a clinically significant bacterial pathogen from middle-ear fluid (MEF) obtained by tympanocentesis.
Patients with a history of prematurity, major congenital anomalies, or chromosomal abnormalities were excluded. Control cases were infants ≤30 days of age admitted for neonatal fever workup, who did not have AOM on physical examination. AOM on exam was defined as a bulging eardrum and opaque fluid in the middle ear in a child with symptoms of an acute infection. Cases and controls were matched by season of admission and week of life.
Demographic and clinical data were collected from the medical records. Cases and controls were contacted over the phone and questioned regarding episodes of AOM after admission and variables that may be associated with AOM, such as breastfeeding, smoke exposure, pacifier use, day care attendance, and AOM in siblings. rAOM was defined as ≥3 episodes per year. The age of children enrolled in the study (eg, follow-up time) ranged from 2 to 9 years old at the time of phone interview.
This study was approved by the institutional review board of Shaare-Zedek Medical Center. Oral informed consent was obtained from all parents prior to phone interview.
Data Analysis
Analysis was performed with SPSS software V.22 (SPSS, Chicago, IL). Data are presented as mean ± SD for continuous variables or as a percentage of patients with a given categorical variable. For all analyses, a 2-sided probability <.05 was considered to be statistically significant. A univariable unpaired t-test was used to compare continuous variables between cases and controls. The χ 2 test was used to compare the categorical variables between the 2 groups. To identify independent predictors of rAOM, the multivariable logistic regression model was constructed using variables selected by the univariable analysis. The regression model was performed using forward selection and backward elimination. A P value of ≤.05 was required for entry into the model and P >.05 for elimination. Results are expressed as odds ratios (ORs) with 95% CIs.
Results
During the study period, 107 patients aged 0 to 30 days had tympanocentesis with a pathogen isolated from MEF culture. Of these, 23 patients were excluded. The most frequent reason for exclusion was unavailability for telephone interview or refusal to participate (n = 13). Other reasons for exclusion were the following: unavailable/incomplete medical records (n = 7), no signs of AOM documented on physical examination (n = 2), and prematurity (n = 1). Pathogens isolated from MEF included Streptococcus pneumoniae (n = 48, 57%), Haemophilus influenzae (n = 17, 20%), Staphylococcus aureus (n = 6, 7%) and other pathogens, such as Streptococcus pyogenes and Moraxella cattarhalis (n = 13, 16%). All patients recovered, and none had meningitis or sepsis. Five patients in the control group were excluded because of refusal to participate.
Characteristics of cases and controls are presented in Table 1 . Mean follow-up was similar among cases and controls: 4.9 years and 4.7 years, respectively (P = NS). Control patients were infants admitted for neonatal fever workup, which has a peak incidence over the week following the ritual Jewish circumcision at 8 days of age. 24 Therefore, control patients were slightly younger at enrollment, with a majority of male patients (73% vs 46%, P = .001). White blood cell count was higher in cases (mean 14 182 /mm 3 vs 11 240 /mm 3 , P = .001), most likely because most controls had viral infections. Patients in the neonatal AOM group were breastfed for a longer period of time, were less often attending day care, and were less likely to be exposed to passive smoking; nevertheless, they had a significantly higher proportion of rAOM later in infancy compared with patients without neonatal AOM: 30% of cases had rAOM compared with 10% of controls (P = .002), which translates to an unadjusted OR of 3.76 (95% CI = 1.57-8.95; P = .003) for rAOM during infancy for patients who presented with AOM in the first month of life. Ear tube placement was uncommon in both groups: 3 patients (3.5%) among cases and 4 (5%) in the control group (P = NS). Table 2 presents results of the logistic regression model examining the association of neonatal AOM with rAOM. After adjusting for gender and age differences, smoke exposure, and duration of breastfeeding, infants with neonatal AOM had an OR of 4 (95% CI = 1.44-11.42; P = .008) to have rAOM later in infancy.
Discussion
In the present study, we found that AOM in the first month of life quadruples the odds for rAOM later in infancy independent of other factors associated with AOM. There are limited and inconsistent data regarding the role of neonatal AOM in the pathogenesis and recurrence rates of further episodes of AOM. Marchant et al 23 found that age younger than 2 months at first episode of otitis media is a risk factor for developing chronic otitis; however, they have not shown a difference in the rate of rAOM. Burton et al 25 reported that AOM before the age of 6 weeks was associated with 30% to 50% incidence of recurrent otitis media during the first 2 years of life and very high rate of need for ventilating tubes. However, there was no control group in this study, and their findings were not supported by other studies. Harsten et al 26 found that onset of AOM before 6 months of age was predictive of subsequent rAOM, but they did not differentiate neonates from older infants. In contrast, Ilia and Galanakis 22 found that AOM at age <60 days is not a risk factor for further episodes of AOM. In our cohort, despite the fact that neonates with AOM had lower exposure to known risk factors for rAOM, they nevertheless had 4 times the rate of rAOM compared with controls.
Several studies described cohorts of very young infants with AOM. These studies have shown, as was also found in our study, that the common pathogens isolated from the MEF were similar to the pathogens causing AOM in older children, except for higher rates of Staphylococcus aureus and Gram-negative enteric bacteria. 11, 27 In our cohort, none of the infants had sepsis or bacterial meningitis in association with AOM, as was found in some studies 11 but not in others. 10, 22 Our study did not find an association between neonatal AOM and tympanostomy tubes placement, but our sample size was not designed for this outcome. This study has several limitations. First, because of its retrospective nature, parents' reports may be inaccurate as a result of the time that had elapsed since admission. Second, the study was conducted in a single medical center and, thus, may reflect local characteristics, which may not necessarily apply to other populations.
In summary, neonatal AOM is a significant risk factor for rAOM later in infancy. Further prospective studies are needed to support our findings and to elucidate the mechanisms underlying this association. Abbreviations: AOM, acute otitis media; OR, odds ratio; WBC, white blood cell count.
